groups and is highly viscous, whereas glutenin is composed of higher molecular weight proteins with a higher SH content and displays marked viscoelasticity (Atwell 2001). It is known that the marked influence of gluten proteins on bread-making is caused by the high molecular weight glutenin fraction, specifically the disulfide linkages formed by glutenin protein subunits. In previous study, the viscoelasticity of a wheat glutenin fraction was decreased by adding dry-heated rice flour in a mixograph test (Nakagawa et al. 2016). Furthermore, DDD (6, 6'-dihydroxy-2, 2'-dinaphthl disulfide) staining by the method of Morton (1969) showed that the number of SH groups was increased in dry-heated rice flour. An increase in the number of SH groups present in stored rice flour Y. Ushijima et al. 292 could cause a reduction in the amount of glutenin protein, and hence, the addition of stored rice flour to the glutenin fraction could decrease the viscosity of any dough produced from such a mixture to almost zero. The proteins in stored rice flour can be broken down with 0.2% NaOH solution, and deproteinized rice flour displayed the same bread-making properties as unstored rice flour/ fresh gluten flour (Nakagawa et al., 2016). However, this method requires a large amount of alkali solution. Seguchi and Matsuki (1977) observed that the hydrophobicity induced in wheat starch granules by chlorination disappeared after the addition of sucrose fatty acid ester (SFAE). Tabara et al. (2014) reported that SFAE adsorbed to hydrophobic dry-heated (120℃, 10 _ 120 min) wheat starch granules, and they estimated the hydrophobicity of wheat starch granules by measuring the number of SFAE sucrose moieties. So, SFAE could block the SH groups in rice flour, thereby preserve its bread-making properties.
Introduction
Bread dough consisting of fresh rice flour and wheat gluten flour was found to make good quality rice bread. The viscoelasticity of the gluten protein in the rice bread dough has an important influence on its bread-making properties. Tabara et al. (2015) and Nakagawa et al. (2016) reported that the state of rice flour changed from hydrophilic to hydrophobic during long-term storage at room temperature (at 15℃ for several months or 35℃ for 14 days) or dry-heating at 120℃ for 2 h, and these changes resulted in the loss of the rice flour's superior bread-making properties (increased bread height and specific volume). It is known that the increases in the hydrophobicity of rice flour that occur during storage or dry-heating are closely associated with the deterioration of the bread-making properties of such flour. In addition, it was reported by Nakagawa et al. (2016) that rice flour hydrophobicity is caused by changes in rice proteins. Wheat gluten is composed of gliadin and glutenin fractions. Gliadin contains lower molecular weight proteins with smaller sulfhydryl (SH) groups and is highly viscous, whereas glutenin is composed of higher molecular weight proteins with a higher SH content and displays marked viscoelasticity (Atwell 2001) . It is known that the marked influence of gluten proteins on bread-making is caused by the high molecular weight glutenin fraction, specifically the disulfide linkages formed by glutenin protein subunits. In previous study, the viscoelasticity of a wheat glutenin fraction was decreased by adding dry-heated rice flour in a mixograph test (Nakagawa et al. 2016) . Furthermore, DDD (6, 6'-dihydroxy-2, 2'-dinaphthl disulfide) staining by the method of Morton (1969) showed that the number of SH groups was increased in dry-heated rice flour. An increase in the number of SH groups present in stored rice flour could cause a reduction in the amount of glutenin protein, and hence, the addition of stored rice flour to the glutenin fraction could decrease the viscosity of any dough produced from such a mixture to almost zero. The proteins in stored rice flour can be broken down with 0.2% NaOH solution, and deproteinized rice flour displayed the same bread-making properties as unstored rice flour/ fresh gluten flour (Nakagawa et al., 2016) . However, this method requires a large amount of alkali solution. Seguchi and Matsuki (1977) observed that the hydrophobicity induced in wheat starch granules by chlorination disappeared after the addition of sucrose fatty acid ester (SFAE). Tabara et al. (2014) reported that SFAE adsorbed to hydrophobic dry-heated (120℃, 10 _ 120 min) wheat starch granules, and they estimated the hydrophobicity of wheat starch granules by measuring the number of SFAE sucrose moieties. So, SFAE could block the SH groups in rice flour, thereby preserve its bread-making properties.
In this study, we determined the amount of SFAE in aged rice flour required to block hydrophobic sites using the method of oilbinding ability, and ascertained the preservation of reasonable bread-making properties.
Materials and Methods
Materials Japonica type rice (Oryza sativa L. japonica, cv.
Akimasari) was used in this experiment. Ltd., Sydney, Australia).
Sucrose fatty acid ester (SFAE) SFAE (hydrophile-lipophile
balance [HLB] value: 13) was purchased from Dai-ichi Kogyo Seiyaku Co., Ltd., Kyoto, Japan. The SFAE was mainly composed of sucrose fatty acid monoesters (monopalmitate and monostearate) (60%), and the ratio of palmitic acid to stearic acid was 3/7. The main ester was monostearate, and the mean molecular weight of the SFAE was 735.
Storage or dry-heat treatment of rice flour
The treatment of rice flour (100 g) at 35℃ for 14 days or at 120℃ for 120 min was according to Nakagawa et al. (2016) . The samples were treated in open to the atmosphere. The treated rice flour was left at room temperature for 1 h, and then stirred and sieved through an stainless steal sieve three times until use.
Determination of the oil-binding ability of treated rice flour
The Co., Tokyo, Japan). The pan was cooled for 1 h at room temperature. The bread height (mm) was measured using a Vernier caliper (1/20 mm), and specific volume (cm 3 /g) was measured using a 250 mL-measuring cylinder and an electric balance (d=0.01 g). Crumbs were visually evaluated. The bread volume was measured using the rapeseed displacement method. SFAE (0.12, 0.75, 1.00. 1.21, 1.50, 1.75, or 2.25 g) was added during the bread-making process.
Statistical analysis A statistical software package (Ver. 6.1, SPSS Inc., Chicago, IL) was used to perform the statistical analyses. All experiments were performed in triplicate.
Results and Discussion
Improvement of the bread-making properties of stored rice flour/ fresh gluten flour by SFAE As indicated in however, the addition of SFAE (1.09 g) improved the breadmaking properties of the flour to 66.08 mm and 2.58 cm 3 /g, respectively (Table 3 and Fig. 1 ). SFAE had a similar effect on dry-heated rice flour as for the stored rice flour. The central bread (120℃, 120 min) in Fig. 1 shows a bread crumb that has a tendency to fracture due to weakness in the gluten by dry-heated rice flour, so that the crust separates (an arrow mark) from the crumb (Eliasson and Larsson, 1993) .
Effects of SFAE on the oil binding ability of stored or dry-
heated rice flour As shown in Table 4 and Fig. 2 -A, the oil binding ability of the stored (35℃, 14 days) rice flour was calculated to be 13.7 mL oil/2 g rice flour, indicating increased hydrophobicity. The precipitated white layer showed a mixture of oil and hydrophobic rice flour in water (an arrowhead) (Fig. 2-A, left tube). The volume of 2.7% (w/v) SFAE was increased from 0 to 0.3, 0.4, 0.5, and 1.0 mL, and the volume of oil/2 g stored rice flour was decreased from 13.7 to 11.5, 10.3, 5.7, and 5.0 mL, respectively, indicating that the addition of SFAE resulted in a loss of hydrophobicity. The height of the precipitated white layer gradually decreased and the released yellowish oil layer above the water increased by the addition of SFAE (Fig. 2-A To improve the bread-making properties of stored or dryheated rice flour, SFAE was added to the rice flour during breadmaking to reduce the flour's hydrophobicity. The amount of SFAE needed to reduce the hydrophobicity of the flour to optimal levels was determined using the oil-binding test, and the calculated amount of SFAE was then added to bread dough consisting of stored or dry-heated rice flour/fresh gluten flour during the breadmaking test. Finally, it was shown that the addition of SFAE enabled the production of high quality rice bread from stored or dry-heated rice flour. The volume of oil/2 g rice flour that sank in water (mL) 0 13 . 7 ± 0 . 58a 0 . 3 11 . 5 ± 0 . 00b 0 . 4 10 . 3 ± 0 . 58b 0 . 5 5 . 7 ± 0 . 58c 1 . 0 5 . 0 ± 0 . 00c
Data are shown as the mean ± SD values of three measurements. Means followed by different letters are significantly different (P < 0.05) according to Bonferroni test.
